Introduction
Wild edible plants continue to be gathered in Europe, although it is no longer a widespread practice. Picking wild vegetables, such as Asparagus acutifolius L. or Scolymus hispanicus L., and wild berries, such as Prunus spinosa L. or Vaccinium myrtillus L., is still a popular recreational and sometimes economically profitable activity (Sanderson and Prendergast, 2002; Tardío et al., 2006; Polo et al., 2009; Miinaa et al., 2010) . Gourmet liqueurs and marmalades made from wild fruits, such as elderberries (Sambucus nigra L.), blackberries (Rubus spp.), blackthorn berries (Prunus spinosa) or wild apples (Malus sylvestris (L.) Mill.), are sold in street markets and shops (Pardo-de-Santayana et al., 2010) . As in the case of mushrooms (Martínez de Aragón et al., 2007) , the demand for wild plants also seems to be increasing. The social importance of such resources has been boosted by the rising number of scientific and popular publications or internet web pages about wild food, the increasing importance of rural tourism (Ghirardini et al., 2007; Pardo-de-Santayana et al., 2007; Schunko and Vogl, 2010) and social movements such as Slow Food (2011) or Vía Campesina (2011) . Therefore, the recreational and economic value of these non-timber products should be considered when developing forest management plans (Hjortsø and Straede, 2001; Ihalainen et al., 2002) .
Strawberry tree (Arbutus unedo L.) is one of the most common fleshy fruited species in the Mediterranean region. This small tree is mainly restricted to the Mediterranean and Macaronesian area, with some Atlantic locations in France and Ireland (Villar, 1993) . Although it grows throughout Spain, it is much more frequent in regions with a non-continental climate, except for some relict populations located in thermal refuges (Figure 1 ). It is particularly abundant in the southwestern mountain ranges (Sierra Morena and Montes de Toledo), mainly growing in sclerophyllous shrublands and evergreen forests of Quercus suber L. and Quercus ilex L. This species can be found from sea level to 800-1200 m and grows in different types of soils though, like many Ericaceae species, it has a certain Fruit production of strawberry tree (Arbutus unedo L.) in two Spanish forests FORESTRY 420 preference for acid soils (Blanco et al., 2005) . Many frugivorous birds and several mammals feed on its fleshy fruits (Herrera, 1982 (Herrera, , 1989 .
Strawberry tree fruits have traditionally been employed for human consumption in the Iberian Peninsula and other Mediterranean regions (Redzic, 2006; Tardío et al., 2006; Hadjichambis et al., 2008; Carvalho, 2010) . According to Tardío et al. (2006) , it is one of the most important wild fruit species in Spain. Its raw fruits are usually consumed in the field and sometimes taken home for dessert. Some preservation techniques have been used to extend its availability beyond the fruit harvesting period. For example, recipes of home-made compotes or jams with strawberry tree fruits have been recorded Parada et al., 2002; Verde et al., 2003; Moll, 2005) . Furthermore, alcoholic beverages by fruit fermentation or distillation have been locally commercialized as a complement to rural income in some regions (Alarcão-E-Silva et al., 2001) .
Despite being considered an underutilized fruit tree species (Celikel et al., 2008) , the wild berries of strawberry tree are a valuable food resource (Barros et al., 2010; RuizRodríguez et al., 2011) . Its carbohydrate-rich fruits have a high fructose content and provide 400 kcal 100 21 g of dry weight (Barros et al., 2010) . They also have a wide range of antioxidants, including vitamin C and E, niacin, carotenoids and polyphenolic compounds (Alarcão-ESilva et al., 2001; Pallauf et al., 2008; Barros et al., 2010; Ruiz-Rodríguez et al., 2011) . Total antioxidant activity of strawberry tree fruits was found to be one of the highest of 28 fruits analysed by García-Alonso et al. (2004) . The preventive effect of these compounds in chronic health disorders, such as cancer and neurodegenerative and cardiovascular diseases, supports the promotion of their consumption as a healthy food.
Nevertheless, their short optimum period of consumption has probably hampered their commercialization as a fresh product, as well as this species' cultivation by largescale agriculturalists. Strawberry tree fruits only reach a really pleasant flavour if consumed slightly overripe (Ruiz-Rodríguez et al., 2011) , when their high tannin content decreases and sugar content increases (Alarcão-E-Silva et al., 2001) . Therefore, they spoil easily and are delicate to transport (Verde et al., 2001) . However, the fruits could be easily preserved by freezing or other processing techniques, extending fruit availability beyond harvest time. Although these fruits at an advanced stage of maturity are popularly said to cause signs of drunkenness, probably due to their high fermentable sugar content, we have not found any scientific reference to their ethanol content.
New potential uses of strawberry tree fruits in the food industry have recently been studied. Alarcão-E-Silva et al. (2001) suggested their possible application as fruit pieces in yoghurt, pie and pastry filling or cereal products. This last category could include energy bars or breakfast cereals. Ganhão et al. (2010) found that the addition of fruit extracts as a functional ingredient in processed meat products prevented protein oxidation. Strawberry tree fruits could also be used as a food colorant, considering their content of β-carotene and anthocyanins (Alarcão-E-Silva et al., 2001) .
Some studies on morphological characterization, genetic diversity and selection programs have been carried out in Italy, Turkey and Tunisia (Mulas et al., 1998; Celikel et al., 2008; Takrouni and Boussaid, 2010) with the aim of promoting extensive cultivation and preventing deforestation and over-collecting. Nevertheless, breeding programs to obtain strawberry tree cultivars with high quality fruits have rarely been attempted (Celikel et al., 2008) . Hence, there are not enough data available to assess the agronomic potential of the species.
To understand the economic possibilities of non-timber forest products, such as strawberry tree, information on their supply is needed, as estimated for other wild berries (Murray et al., 2005) . However, fruit production data in strawberry tree are scarce, and the few available studies have been carried out by plant-bird ecologists and plant physiologists (e.g. Herrera, 1998; Ogaya and Peñuelas, 2007) . According to previous studies, between-year supply of wild berries varied greatly, and silvicultural practices also influenced species abundance (Kerns et al., 2004; Murray Figure 1 . Geographical distribution of Arbutus unedo and study sites: Site 1 (a) and Site 2 (b). Based on Domínguez and Martínez (1993) and Blanco et al. (2005) .
FRUIT PRODUCTION OF STRAWBERRY TREE IN SPANISH FORESTS 421 et al., 2005) . Meteorological conditions could especially affect strawberry tree since its reproductive cycle is much longer than that of other fruit tree species. As flowering and fruit maturation occur in autumn, fruits take the whole year to ripen (Ogaya and Peñuelas, 2004) .
Therefore, given the dietary interest of the species and the lack of information on its potential yield and sustainable use, we aimed to evaluate fruit production of Arbutus unedo in terms of fruit mass and fruit abundance and explore its relationship with meteorological conditions.
Methods

Study sites
Fieldwork was conducted at two representative sites from both continental and temperate regions of Central and Western Spain (Figure 1 ). Two populations of Arbutus unedo were chosen from these different geographical and climatic areas in quite well-preserved woodlands.
The first study area (Site 1) is located in San Martín de Valdeiglesias (Madrid province, Central Spain) in the granite mountain chain Las Cabreras (40°23' N; 04°19' W) which ranges from 800 to 1000 m elevation. Average annual rainfall and temperature are 511 mm and 15.3°C, respectively. The Mediterranean climate of the region is characterized by cold winters with frost risk during 6 months and dry summers which last ~3.5 months (SIGA, 2011) . A Pinus pinea L. forest with scattered specimens of Quercus ilex L. extends throughout the territory. The undergrowth is dominated by Juniperus oxycedrus L., Phillyrea angustifolia L., Pistacia terebinthus L., Erica arborea L. and Rosmarinus officinalis L. A small strawberry tree population growing in the area was surveyed. It is considered a relict population that survives in a continental area with favourable climatic conditions (Domínguez and Martínez, 1993) . The species occurs in dispersed patches on an east-facing hillside (32 per cent slope), occasionally on rocky slopes. Old isolated specimens are frequent at this site. According to population size and distribution, the sampling area has an extension of 40 ha and altitude ranges between 550 and 750 m. Forest management practices are oriented to game hunting and extensive livestock, mainly cattle. Other uses include the collection of pine nuts and, occasionally, wood extraction.
The second strawberry tree population sampled (Site 2) is located in Salorino (Cáceres province, Western Spain). Annual rainfall is 629 mm and average annual temperature is 15.4°C. Winters are milder in this temperate region, where there is frost risk during 4 months and the summer drought period lasts 3.5 months (SIGA, 2011) . A sclerophyllous forest of Quercus suber L. occurring on a north-facing slope (17 per cent) of Sierra de San Pedro (39°25' N; 07°01' W) was selected for the study. Altitude averages 500 m over the ridges and descends 100 m to the plain, where the landscape is replaced by the traditional open-woodland of Quercus ilex L., called 'dehesa' in Spanish. The woodland grows on quartzite substrates. Species composition mainly includes Arbutus unedo, as the main understory species, Phillyrea angustifolia, Erica arborea, Cytisus striatus (Hill) Rothm. and Cistus populifolius L. A 120 ha plot with an altitude ranging between 400 and 500 m was delimited for the study. Forest management practices in the area are mainly focused on cork extraction and game hunting.
Fruit production estimation
Fruit production was estimated over a 2-year period (2007 and 2008) . Annual yields were measured in 22 and 25 specimens randomly selected at Site 1 and Site 2, respectively. During the second year of study, the same individuals were sampled at Site 1 since a random choice would have led to a mixed dataset of new and previously sampled trees due to the small size of this population. However, at Site 2, 25 different trees were randomly selected to estimate fruit production parameters to better represent the tree sizes of such a large population. We later confirmed that the stem diameter and crown volume of the strawberry trees sampled in 2007 and 2008 were statistically similar, avoiding the masking effect of tree size when comparing between-year differences at this site.
Production was assessed based on the methods used for estimating acorn production by Gea-Izquierdo et al. (2006) and Rodríguez-Estévez et al. (2008) with some modifications according to the specific objectives of this study and the particular features of the species. Following Herrera (1998), sampling was conducted when fruits were already ripe and the species had reached peak fruit densities, i.e. from early November at Site 1 to late November at Site 2, according to our previous field observations. Fruit production per tree, expressed as kilograms of fruits per specimen, was estimated by three parameters: fruit mass, number of main branches and number of fruits per main branch.
Mean fruit mass was determined by weighing 100 randomly selected ripe fruits from each location. Fruit mass was expressed in fresh weight units, as well as yield per tree and yield per hectare, as it is a better indicator of potential harvest supply. Fruit moisture content of each sample was also determined to allow data transformation when needed. Main branches were defined as the first-or second-order branches with a circumference of ~18 cm and all the ramifications born immediately behind them. Total number of main branches per tree was counted directly.
To estimate average number of fruits per branch, visual fruit counts were performed on three randomly selected main branches per specimen at different heights and light exposure on the tree. Fruit counts were made with the aid of an extension ladder to allow access to the upper section of the crown and increase sampling accuracy. Likewise, fruits that fell on the ground beneath the crown at sampling time were also included in fruit production per tree estimates.
Production was expressed as kilograms per cubic metre of crown to exclude yield differences derived from tree size. Estimations per crown unit volume were used instead of crown unit area (Gea-Izquierdo et al., 2006) because the winding branches of strawberry tree usually favour open FORESTRY 422 crowns and fruiting is not restricted to the external crown surface.
Mean fruit production per location, expressed as kilograms per hectare of fruits, was assessed indirectly based on fruit production per tree and tree density values. To estimate strawberry tree density, 25 transects of 50 × 10 m were randomly located within each study area. All strawberry tree adult specimens, defined as trees with a minimum height of 2 m and a stem circumference of more than 18 cm, were counted in each transect. Only adult specimens were considered to avoid counting young individuals without yield potential. Local per cent cover of the species was estimated from crown projection area and tree density.
Parameters measured in single trees
Relevant characteristics related to the size and morphology of the sampled trees were also recorded. Average values for tree height, trunk diameter at breast height (d.b.h.), crown volume, crown projection area and number of main branches per tree were estimated for each strawberry tree population. Measurements were carried out following Philip (1994) and Cunningham (2001) . Tree height and crown diameters (d max, d perpendicular to d max and crown height) were measured using the Vertex IV hypsometer. Ellipsoid volume and ellipse area were calculated to estimate crown volume and crown projection area, respectively. We used the methodology proposed by Alder and Synott (1992) to measure the d.b.h. of leaning trees or trees growing on slopes (Cunningham, 2001 ). In shrubby specimens, d.b.h. of the thickest stem was taken (Ajbilou et al., 2003) . Specimens were classified into seven diameter classes to assess the demographic structure of strawberry tree at the study sites. Diameter classes I-VII were composed of specimens with a d.b.h. < 7, 7-15, 16-25, 26-35, 36-45, 46-55 and >56 cm, respectively . The number of main branches per tree was recorded according to the previously described definition of main branches, and only adult specimens were considered.
For sampling purposes, specimens were also classified according to their growth form as tree habit specimens (one to three stems) or shrubby habit specimens (more than three stems). Stems growing less than 30 cm apart and originating from the same stump were considered a single specimen. This criterion was followed to define individual specimens in controversial shrubs growing close together.
Meteorological variables
Annual rainfall and temperature patterns at the study sites were graphically represented following the climatic diagram model of Gaussen-Walter (Gaussen, 1954; Walter and Lieth, 1960) . Data were taken from the nearest meteorological stations to Site 1 and 2 (Rozas de Puerto Real and San Vicente de Alcántara, respectively), located less than 15 km from the surveyed areas and at the same altitude (960 m Station 1 and 495 m Station 2). Weatherrelated parameters were shown by season throughout the whole reproductive cycle of the species from flowering time in the previous autumn to harvest time in November of the following year. Mean temperature, total rainfall and aridity index (De Martonne, 1926) of the previous autumn, winter, spring, summer and autumn were calculated following Chiarucci et al. (1993) . Minimum temperature was also considered since strawberry tree has been described to be frost sensitive (Blanco et al., 2005) . Seasons were considered trimesters (e.g. winter: January, February and March), except for autumn that only comprised the months of October and November when collection was performed.
Statistical analysis
Results were statistically analysed using the software package SPSS v. 16.0. Mean value ± SE is given for each parameter. Coefficient of variation (CV = standard deviation/ mean) was determined as a scale-independent measurement to assess between-plant variability in annual fruit production per tree . Since normality and equal variance assumptions required for analysis of variance (ANOVA) were not reached for all variables (P < 0.05), non-parametric tests were applied to identify significant differences. The Wilcoxon test was carried out for two related samples at Site 1, where the same specimens were sampled over the 2 years of study. Differences in fruit production at Site 2 were analysed by the Kruskal-Wallis test. ANOVA (not shown) gave similar results. Correlation analysis was performed using the Pearson coefficient to assess the influence of tree size on fruit production. All procedures were tested with α = 0.05.
Results and discussion
Yield parameters of strawberry tree including fruit mass and number and kilograms of fruits per branch, per tree and per hectare are summarized in Table 1 . Individual fruit production, expressed as kilograms per cubic metre of crown, is shown in Table 2 . Fruit availability was assessed in relation to tree size, local abundance and meteorological data.
Fruit mass
Great intra-population variability was observed. Fruit mass ranged from 1.51 to 12.25 g of fresh weight at Site 1 and from 0.97 to 8.55 g at Site 2. Average fruit mass was 3.65 ± 0.12 g and 3.72 ± 0.10 g at Site 1 and 2, respectively (Table 1) . No significant differences were found between locations since fruit mass significantly decreased at both study sites in 2008. Moisture content of mature fruits was 53 and 45 per cent in 2007 at Site 1 and Site 2, respectively, while in 2008, these values increased to 60 and 48 per cent at Site 1 and Site 2, respectively.
These results agree with fruit mass estimations performed in other Mediterranean areas (Herrera, 1987; Mulas et al., FRUIT PRODUCTION OF STRAWBERRY TREE IN SPANISH FORESTS 423 1998; Özcan and Haciseferogullari, 2007) . Nevertheless, significantly lower values of 1.53 ± 0.03 g have been recorded in Turkey (Özcan and Haciseferogullari, 2007) . Except for this case, obtained fruit mass values are higher than those obtained for Arbutus andrachne L. (1.15 ± 0.28 g), another Arbutus species with edible fruits limited to the eastern Mediterranean (Serçe et al., 2010) . Differences in phytochemical composition have also been found between fruits from the two Arbutus species. Antioxidant compounds, such as ascorbic acid and phenols, were reported to be higher in strawberry tree fruits (Serçe et al., 2010) . Hence, fruit size and nutritional composition make A. unedo a more interesting species than A. andrachne from an agronomic and nutritional point of view.
In addition, strawberry tree specimens with larger fruits (max. = 26.6 g) have been obtained in selection programs carried out in Turkey (Karadeniz and Şişman, 2003; Celikel et al., 2008) . These genotypes have a broad interest for fresh and processed fruit production (Mulas et al., 1998; Celikel et al., 2008) . Other desirable fruit characteristics that should be taken into account in selection programs are richness in antioxidant compounds and a low presence of grains on the external surface of the fruits. These grains are detectable in manufactured products and make the fruits less palatable (Seidemann, 1995) .
Fruit production per tree
Mean number of fruits per branch estimated in strawberry tree specimens at Site 1 decreased significantly from 137 ± 19 Small letters compare statistical differences between years in the same locality for each parameter. Different capital letters mean significant differences between sites in the same yield parameters (P ≤ 0.05). (Table 1) Regarding fruit production per tree, we have found no data in the literature for either wild or cultivated specimens. As far as we know, fruit production of strawberry tree has only been reported in population-scale studies (Herrera, 1998; Ogaya and Peñuelas, 2007) . Thus, this is the first time that fruit crop size has been described for this species. Given the lack of available data, we can only use crop sizes of small cultivated fruit trees for comparative purposes. For example, fruit production of dispersed specimens of plum tree and cherry tree in Spain for 2008 were 9 and 10 kg, respectively (MARM, 2009). We only found such high mean yields for strawberry tree in the largest specimens at Site 1 in 2007.
Fruit production per hectare
Trends similar to those reported for fruit production per tree were found for fruit production per hectare. Mean values at Site 1 ranged from 75 ± 14 kg ha 21 in 2007 to 18 ± 5 kg ha 21 in 2008 (Table 1) , whereas steady yield estimations were described at Site 2. Wild supply at this location was significantly higher (total mean 539 ± 86 kg ha 21 ) due to its higher abundance as described and discussed below. FORESTRY 424 Although estimations of strawberry tree fruit production per hectare are available from other studies, differences in field methods do not allow comparison of results in some cases (e.g. Ogaya and Peñuelas, 2007) . According to Herrera (1998) , strawberry-tree fruit density values are moderate-to-low compared to other Mediterranean fleshy-fruited species. The average yield values obtained by this author (9250 fruits ha 21 , local per cent cover of 15.9 per cent) are similar to those at Site 1 (11 677 ± 2012 fruits ha 21 ), but substantially lower than those at Site 2 (146 085 ± 22 862 fruits ha 21 ).
To assess the agronomic potential of this species, we calculated fruit production of a hypothetical intensive plantation of strawberry tree applying the yield per tree values described in this study and standard planting distances of 4 × 4 m. Such a hypothetical intensive plantation would yield 1500-6500 kg ha 21 . Similar values have been reported for other cultivated small-fruit trees. In 2008, Spanish plum and cherry orchards had a mean annual yield of 2779 kg ha 21 and 2443 kg ha 21 , respectively, in dry farming, whereas yields of 13 205 and 3905 kg ha 21 were obtained for plum and cherry, respectively, in irrigated orchards (MARM, 2009) .
Mycorrhizal symbiosis also affects plant development and, consequently, the cultivation of non-mycorrhizated strawberry trees might cause smaller yields. The mycorrhizal inoculation with Pisolithus tinctorius (Pers.) Coker and Couch has shown to improve the water and nutritional status of A. unedo plants in nursery conditions, which could provide better resistance to drought and stress conditions in the acclimation process after planting (Navarro et al., 2009 (Navarro et al., , 2011 . Nevertheless, no specific data have been found related to the influence of mycorrhization on fruit production.
Fruit production per cubic meter of crown
Fruit production per tree was also expressed in crown volume units to exclude yield differences due to tree size (Table 2) . Annual yields were 0.28 ± 0.07 kg m 23 and 0.07 ± 0.03 kg m 23 in the Site 1 population in 2007 and 2008, respectively. Production decreased the second year, and consequently, total fruit production per tree was also lower. Strawberry trees at Site 2 yielded 0.17 ± 0.03 and 0.12 ± 0.02 kg m 23 of crown in 2007 and 2008, respectively, without significant variations between years. Overall, the species showed a similar yield in these two geographical areas (0.18 ± 0.04 kg m 23 at Site 1 and 0.15 ± 0.02 kg m 23 at Site 2). However, higher production per crown volume units would be expected at the first location according to obtained local fruit yields. It suggests an influence of tree size on total fruit yield, as shown in the following section.
Tree size and local abundance
Tree size characteristics and local abundance of strawberry tree at the study sites are summarized in Table 3 . The population at Site 1 was composed of larger specimens (d.b.h. 24.18 ± 2.63 cm) generally of tree habit (77 per cent of the individual trees sampled). At Site 2, the population was dominated by shrubby specimens (68 per cent) of smaller size (d.b.h. 7.52 ± 0.45 cm). Considering all the studied trees of the two sites, a significant correlation (r = 0.532; P = 0.000) was found between d.b.h. and fruit production per tree. Consequently, the highest mean fruit production values per tree were recorded at Site 1. This correlation shows the influence of tree size on fruit production, but it also suggests that different factors, such as meteorological conditions, may affect yield rates as well.
Lower tree density values (7.20 ± 3.44 individuals per hectare) were described for the relict population at Site 1 (Table 3 ). According to crown projection area, the species covers ~0.6 ha (1.5 per cent of total sampled area). Local abundance found at Site 2 was 206.40 ± 32.49 individuals per hectare. At this Site, the strawberry tree population covers 22.5 per cent of the study area (27 ha). This explains why fruit production per hectare was higher at Site 2, even though local tree size and fruit production per tree were smaller. Such values suggest that the Site 1 population is not suitable for commercial harvesting, whereas sustainable fruit collection could be of economic interest at Site 2 as a complementary income source in addition to cork extraction and game hunting. Other factors influencing commercial harvest should be considered, such as the cost of harvesting, the infrastructure for large-scale collecting, as well as local yield rates that ensure an efficient and sustainable supply of fruits (Sanderson and Prendergast, 2002) . Figure 2 shows the diameter structure and growth form of the two surveyed populations. The strawberry trees sampled at Site 1 included specimens of diameter classes (Ruiz and Fernández, 2009) , 70 per cent of the specimens sampled at Site 1 are over a century old, whereas 96 per cent from Site 2 are not. The tree diameter classes show that the population at Site 1 is a mature population dominated by adult specimens, while at Site 2, the population is young with no adult specimens from Categories IV, V and VI (see Figure 2) . In the latter case, forest management practices associated with cork extraction, such as shrub clearing, explain the juvenile appearance of the strawberry tree population, favouring shrubby growth forms from resprouts and hampering evolution to later development stages. On the contrary, no signs of regeneration were noted at Site 1, where old isolated specimens with hollow trunks were frequent. The presence of a sparse and aged strawberry tree population could also influence the sustainable use of the species.
Meteorological data
Local temperature and rainfall patterns in 2007 and 2008 are shown in Figure 3 and Table 4 . Mediterranean climate characteristics, i.e. summer drought and rainfall concentrated in spring and autumn, were exhibited over the 2 years. Nevertheless, summer drought was shorter in the first year of study. Atypical high rainfall was recorded in August 2007 at Site 1 (Figure 3 ). Spring rainfall was higher in the second year. In fact, spring 2008 was the rainiest since 1971, according to average rainfall values for all of Spain (AEMET, 2010) . Similar patterns were recorded at both locations, although more severe continental conditions, such as a longer frost period, were found at Site 1 (Figure 3 ).
The present short-term study does not support a quantitative analysis of climate effects on yield; however, there are some potential relationships that should be better assessed in a long-term study. Fruit mass seemed to be particularly affected by summer drought because the occurrence of a long summer drought in 2008 (see total rainfall and aridity index of summer; Table 4 ) coincided with a decrease of fruit mass in both sites, even when spring rainfall was higher in 2008. It agrees with previous studies that reported the influence of accumulated rainfall at the end of ripening on fruit mass (Chiarucci et al., 1993) .
The number of fruits per branch appeared to be affected by frost risk at flowering time. Our results showed a decrease in the number of fruits per branch in 2008 at Site 1, characterized by a Mediterranean climate with more severe continental traits than those at Site 2. The low minimum temperature recorded in the previous autumn at Site 1 (4.4ºC, see Table 4 ) coincided with a decrease in the number of fruits per branch in 2008. The influence of continental versus more temperate climates on strawberry tree yield has been previously reported by Chiarucci et al. (1993) . However, no data have been found related to the influence of frost on fruit production.
The differences between sites and years in individual fruit yields appear to be related to frost and summer drought, although other factors such as soil characteristics and tree age may also have affected local fruit yields. Nevertheless, long-term studies are needed to draw patterns of supraannual variation in fruit production.
A significant correlation between fruit yield and flower bud formation with rainfall was described by Ogaya and Peñuelas (2007) in a 7-year study carried out in northeastern Spain. Flowering and fruit growth were also found to be delayed by drought (Ogaya and Peñuelas, 2004) . In addition, important inter-annual fluctuation in fruit density was recorded in a 12-year study carried out in southeastern Spain, with a CV of 89 per cent (Herrera, 1998) . This agrees with the CVs obtained in the present short-term study. In spite of the influence of weather on fruit yield, strawberry tree production has been described by this author to be relatively homogeneous and predictable compared to other Mediterranean fleshy fruited species. In this long-term study, Herrera (1998) found that strawberry tree bore fruits every year and no outstanding tion. The importance of recording the structural characteristics of wild populations when assessing fruit production per tree has also been pointed out in this paper. Thus, fruit estimations per crown unit area (or volume) are advisable (Gea-Izquierdo et al., 2006) . Between-year differences affected both fruit mass and number of fruits per branch. These two parameters appeared to be influenced by water availability and frost risk, respectively. Summer drought and low minimum temperatures at flowering time likely reduced fruit yield in the continental area surveyed at Site 1, while the warmer climatic conditions at Site 2 probably attenuated the effects of annual meteorological fluctuations on fruit production per tree.
This study contributes to the assessment and sustainable management of wild food resources and to a better knowledge of the yield and agronomic potential of the species. According to the present data, the sustainable collection of wild strawberry tree fruits could have economic interest at Site 2, where high tree density values were registered. It could be a source of complementary income in addition to cork extraction and game hunting that could be included in forest management programs. Several factors influencing commercial harvest were described at the Site 1 population, crop sizes were described. In our study, only 1 of 22 trees individually monitored at Site 1 had a null production in 2007, while the reproductive period of this specimen ended successfully in 2008. According to recent reviews, interannual variation in fruit production has been found to be widespread across polycarpic plants, which tend to fall along a broad continuum of variability levels; hence separate groups of masting and non-masting species do not seem to exist .
Conclusions
Fruit production of strawberry tree at an individual treescale is described in this study for the first time. Strawberry trees yielded considerable fruit crop sizes, although they were lower than those of other cultivated small fruit tree species. This species exhibited geographical and annual variation over the 2-years of study, as found in other surveys carried out in the Mediterranean region (Chiarucci et al., 1993; Herrera, 1998; Ogaya and Peñuelas, 2007) .
Tree size and tree density values, which were partially influenced by tree age and forest management practices, explained the local differences described in fruit produc- such as low tree density, large between-year fluctuation in fruit yield and no signs of regeneration. This small strawberry tree population is not suitable for commercial harvesting, although it can afford small-scale collection for domestic consumption. Furthermore, cultivation could be considered to obtain greater yields and to promote new potential uses in the food industry. 
